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Immunohistochemical study of Ia antigen in the normal and diseased
human kidney. The presence and distribution of Ia antigen in normal
human kidneys and biopsy specimens from patients with renal disease
were investigated by immunohistochemical techniques using two mono-
clonal antibodies to the nonpolymorphic determinants of human HLA-
DR molecules. Ia antigen was found on the endothelium of glomerular
and peritubular capillaries and of veins and vasa recta. Loss of
endothelial staining was found in necrotic and sclerotic glomerular and
tubulointerstitial lesions. Staining or decreased staining was also not
found in the severe proliferative nephritis of systemic lupus erythema-
tosus although endothelial cells could still be identified upon light
microscopic examination of the same biopsy specimen. Resting and
proliferating cells in mesangial areas did not stain with anti-Ia antibody
and extracapillary proliferating cells did not express Ia antigen except
for occasional cells in anti-GBM crescentic glomerulonephritis, sug-
gesting that Ia-bearing cells are not involved in mesangial and most
extracapillary proliferations in human glomerulonephritis. All clustered
mononuclear cells infiltrating the renal interstitium stained with anti-Ia
antibody regardless of the type of nephritis where infiltrates occurred.
Etude immunohistochimique de l'antigene Ia dans les reins humains
normaux et pathologiques. La presence et Ia distribution de l'antigène Ia
dans les reins humains normaux et dans les specimens biopsiques de
patients porteurs de nephropathies diverses ont etC étudiCes par des
techniques immunohistochimiques a l'aide de deux anticorps mono-
clonaux diriges contre les determinants non polymorphiques des mole-
cules HLA-DR humaines. L'antigCne Ia a etC dCcelé sur l'endothelium
des capillaires glomérulaires et pCritubulaires des veines et des vasa
recta. Une perte de marquage endothélial a etC constatCe dans les
lesions necrotiques et sclCreuses glomerulaires et tubulointerstitielles.
Une absence de marquage ou un marquage attCnuC ont aussi été
observes dans les glomCrulonCphrites prolifCratives graves du lupus
CrythCmateux dissCminé bien que les cellules endothdliales pouvaient
Ctre encore identifiCes en microscopic optique sur le mCme specimen
biopsique. Les cellules prCsentes dans l'aire mCsangiale, qu'elles soient
en nombre normal ou accru, n'dtaient pas marquees par l'anticorps anti-
Ia. Les cellules extracapillaires proliferees n'exprimaient pas l'antigène
Ia, excepte quelques cellules dans le croissant des glomérulonéphrites
extracapillaires. Ces faits suggCrent que les cellules porteuses de
l'antigCne Ia ne sont pas concernées dans les proliférations mCsangiales
ou extracapillaires au cours des glomérulonephrites humaines. Toutes
les cellules mononuclées en amas qui infiltraient l'interstitium renal
etaient marquees avec l'anticorps anti-Ia quelle que soit Ia nephropathie
en cause.
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Human Ia (HLA-DR) antigens are products of HLA-D
region-associated genes. Ia molecules control cell to cell inter-
actions in immune responses and alloreactivity. Ia antigens are
expressed on human peripheral blood B cells, most monocytes
and on activated I cells [1, 2]. In humans, Ia antigens have also
been found with variable expression in the endothelium of the
normal renal vasculature and in several other endothelia [3—81,
whereas in rats, Ia-positive cells have been identified among
resident glomerular cells in the mesangium [9, 10] and RT1B/D
antigens have been found on peritubular capillary endothelium
[11]. However, the expression of Ia antigens on endothelial
cells and proliferating and infiltrating cells in human renal
disease has not been investigated, Using two hybridoma-de-
rived monoclonal antibodies that recognize nonpolymorphic
determinants of HLA-DR molecules, the presence of Ia antigen
was investigated in normal human kidney and a variety of
human renal diseases. No staining or decreased staining for Ia
antigens was found in sclerotic and necrotic lesions of renal
endothelium and in the severe proliferative nephritis of system-
ic lupus erythematosus (SLE). Resting or proliferating mesangi-
al cells and cells involved in extracapillary proliferation, except
for occasional cells in anti-GBM disease, did not express Ia
antigen. All clustered mononuclear cells infiltrating the renal
interstitium stained with anti-Ia monoclonal antibody regardless
of the type of nephritis where interstitial infiltrates occurred.
Methods
Kidney specimens. Normal renal tissue samples were ob-
tained from normal parts of two nephrectomies performed
because of renal cell carcinoma. Samples were also taken from
three renal biopsy specimens obtained from patients with
isolated microscopic hematuria that appeared normal upon
optical microscopic examination and did not demonstrate stain-
ing in immunofluorescence studies. Renal biopsy specimens
from 71 patients with the clinical, histochemical, and immuno-
histochemical diagnoses listed below were selected from the
files of the Broussais Hospital, Paris, France: acute glomerulo-
nephritis (AGN) (two patients), idiopathic rapidly progressive
glomerulonephritis (RPGN) without anti-GBM antibodies
(three), RPGN with anti-GBM antibodies (four), RPGN with
Wegener's granulomatosis (two), idiopathic membranous gb-
merulonephritis (MGN) (six), membranoproliferative glomeru-
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Fig. 1. Photomicrograph of normal kidney stained for ía antigen by
indirect immunofluorescence. The endothelial cells of glomerular and
pentubular capillaries are diffusely fluorescent. (x600)
Fig. 2. Electron micrograph of the glomerular capillary wall stained by
immunoperoxidase (without counterstaining) for Ia antigen. The cell
coat of endothelial cells (arrow) is homogeneously labelled. The base-
ment membrane (BM) and the cell surface of the pedicels (double
arrow) are negative, N represents the nucleus of the endothelial cell.
(x36,850)
Fig. 3. Electron micro graph of an isolated glomerulus from normal
human kidney stained with anti-Ia monoclonal antibody. The plasma
membrane of a circulating lymphocyte (double arrow) is homogeneous-
ly labelled. This round-shaped mononucleated cell with a high nude-
ar/cytoplasmic ratio and without lysosomes is a B lymphocyte. The
intact glycocalix of the endothelial cell also stains for Ia antigen (arrow).
(x21,000)
lonephritis (MPGN) type 1 (three), mesangial glomerulonephri-
tis (MSGN) with IgA and/or C3 deposits (six), systemic lupus
erythematosus (SLE) (ten), minimal changes disease (two),
focal hyalinosis (five), toxemia of pregnancy (three), amyloid-
osis (four), diabetic nephropathy (three), nephroangiosclerosis
(four), thrombotic microangiopathy (TM) (three), interstitial
nephritis (four), acute transplant rejection (six), and chronic
nephritis with obsolescent glomeruli (one).
Antibodies and antisera. Two monoclonal anti-human Ia y2a
antibodies obtained in Balb/c mice and designated 1.35 and 1.41
were used in this study indistinctively. Both antibodies have
previously been shown to be directed against nonpolymorphic
determinants of HLA-DR molecules [12]. Upon indirect immu-
nofluorescent analysis, the antibodies reacted with peripheral
blood B cells and monocytes, with lymphoblastoid B cell lines
but not with resting T cells or with T cell lines. Both antibodies
were used to detect Ia determinants on in vitro and in vivo
activated T cells. The HLA-DR nature of the antigen that is
recognized by antibodies 1.35 and 1.41 was assessed in experi-
Fig. 4. Membranoproliferative glomerulonephritis type 1. A section
stained with anti-Ia monoclonal antibody shows Ia-positive endothelial
cells surrounding widened mesangial areas. The cells within the area of
mesangial proliferation do not stain with anti-Ia antibody (arrows).
(x 600)
ments in which both antibodies were found to have similar
tissue distribution and immunoprecipitation patterns as anti-
body 2.06 that has been described elsewhere [12, 13].
Fluoresceinated sheep IgG anti-mouse IgG (Pasteur Institute,
Paris, France) was extensively absorbed with human IgG that
had been insolubilized with glutaraldehyde. Fluorescein iso-
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Fig. 5. Focal hyalinosis: staining with anti-Ia monoclonal antibody. In
the part of the glomerulus corresponding to the segmental lesion
(between arrows), no staining of endothelial cells is seen. (x950)
Fig. 6. Thrombotic microangiopathy. Endothelial cells in the glomerular
tuft do not stain with anti-Ia monoclonal antibody. Outside the glomeru-
lus, some endothelial and interstitial infiltrating cells are fluorescent.
(x776)
thiocyanate conjugated (FITC) anti-human IgG, anti-IgA, anti-
1gM, anti-Clq, and anti-C3 antisera used in diagnostic immuno-
fluorescence procedures were obtained from Behringwerke
(Marburg, West Germany). Rhodamine-labeled anti-blood sub-
stance H was a gift from Dr. R. Oriol, Broussais Hospital,
Paris, France.
Immunomorphological procedures. For routine optical mi-
croscopy, kidney biopsy specimens were fixed in Bouin's
fixative and stained with Masson's trichrome, hematoxylin-
eosin, and periodic acid-methenamine silver. For immunofluo-
rescent examination, frozen blocks were cut into 3-pm sections
in a Bright's cryostat. Sections were fixed on slides and
incubated with phosphate-buffered isotonic saline (PBS) for 30
mm at room temperature before they were overlaid with the
anti-Ia ascitis that had been centrifuged at x l00,000g for 60 mm
at 4°C or with the FITC anti-IgG, IgA, 1gM, Clq, or C3. After
incubation for 30 mm at room temperature, the tissue sections
were washed twice in PBS. The tissue sections incubated with
anti-Ia were then overlaid with the absorbed FITC anti-mouse
IgG, incubated for 30 mm at room temperature and washed
Fig. 7. SLE nephritis type 4. A A section stained with anti-Ia monoclo-
nal antibody. Considerably decreased staining of glomerular endotheli-
um is apparent in contrast with the bright fluorescence of periglomeru-
lar interstitial infiltrating cells. All glomeruli in the biopsy specimen
demonstrated absent or decreased staining for La antigen. (x960) B A
section from a glomerulus from the same biopsy specimen stained with
Masson's trichrome demonstrates diffuse endocapillary cell prolifera-
tion. Endothelial cells are identified easily (arrow). (x 1164)
twice in PBS. The slides were mounted under a coverslip, and
the tissue samples were examined with a microscope (Leitz,
Inc., Heerburgg, Switzerland) utilizing epi-illumination and an
FITC/50 filter. Controls for indirect immunofluorescence of
anti-Ia included biopsy specimens incubated with P3 x 63 Ag8
ascites from the parental myeloma line that was used to produce
monoclonal antibodies 1.35 and 1.41 and specimens incubated
with FITC anti-mouse IgG alone. In some cases, serial sections
from selected biopsy specimens were stained with anti-Ia, with
rhodamine labelled anti-blood group substance H antibody,
with paraphenylene diamine (PPD) and/or with Giemsa's rea-
gent. PPD was used to visualize the nuclei of stained cells [14];
staining with anti-blood group substance H antibody was used
to identify endothelial cells [15].
For immunoperoxidase staining and electron microscopic
examination of Ia antigen, isolated glomeruli were prepared
from two freshly obtained normal kidneys as described [16].
Glomeruli that had been fixed with 4% paraformaldehyde were
incubated with anti-Ia ascites for 5 hr at room temperature,
washed in 0.1 M phosphate buffer, pH 7.4, for 36 hr and then
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incubated with peroxidase labelled F(ab')2 sheep anti-mouse
IgG antibody (Pasteur Institute, Paris, France) for 5 hr at room
temperature. After being washed for 36 hr in the phosphate
buffer, peroxidase activity was revealed by reaction with dia-
minobenzidine (DAB) and H202 [171. Glomeruli were then
postfixed with osmium tetraoxide, dehydrated, and included in
Epon [18]. Ultrathin sections were cut using an ultramicrotome
(Reichert OmU2, Reichert, Inc., Paris, France) and examined
with a Zeiss EM9 or EM1O electron microscope (Carl Zeiss
Inc., Oberkochen, West Germany). Controls included glomeru-
Ii that had been incubated with the P3 x 63Ag8 parental
myeloma immunoglobulins and the revealing F(ab')2 sheep anti-
mouse IgG and controls for endogenous peroxidase activity that
were sections treated with DAB and H202 alone. All controls
were negative.
Results
Normal kidney. Anti-Ia monoclonal antibody bound exclu-
sively to endothelial cells and circulating monocytes and lym-
phocytes upon immunofluorescent and immunoelectron micro-
scopic examination of normal kidney. However, the pattern of
fluorescent staining of the endothelium with anti-Ia was differ-
ent in different portions of the renal vasculature: There was no
staining of the endothelium of arcuated, interlobar, and inter-
lobular arteries; the endothelium of afferent and efferent
Fig. 8. Rapid/v progre.sit'e g/omerulonephritis wit/i extensive ext racap
i/lan' probteraturn. A A frozen .t'ctiun of a gloinerulus stained jilt)
anti—Ia tnonoc'Ionai Of ltd' n/v No i inmunofluorescence is seen in thi
area of ctracapiIIar proIiteriflori . Endothelial cells in the remainini
part of the glonierular tuft and periglomerular infiltrating cells expres!
Ia antigen. - 684) B .4djaeenl section of the same glomerulus swine.
with rhodwnine-iabellcd anti—blood group substance H antibody.
pattern of staining is similar to that observed with anti-ia antibody
X 684) C Sonic' section as in It 'mind nit/i p—phetn'/enediamine. Nude
of endotheliat and extracapiliary proliferating cells are stained in thi
gIvmcruIu (w&ifr arrow), ( 6$4)
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Fig. 9. Mesangial glomerulonephritis with IgA deposits stained with
anti-Ia monoclonal antibody. A crescentic area is negative (between
arrows). (x582)
glomerular arterioles showed maximal reactivity with anti-Ia in
the vicinity of the glomerular tuft; in the glomerulus, all
endothelial cells of glomerular capillaries stained strongly with
equal intensity with anti-Ia. The staining was circumferential
around capillary lumens with negative areas corresponding to
nuclei; intraglomerular and extraglomerular mesangial cells
were negative, as were podocytes and parietal epithelial cells
from Bowman's capsule (Fig. 1). The endothelial cells of
peritubular capillaries and vasa recta showed strong fluorescent
staining. However, endothelial cells of peritubular capillaries
could be difficult to distinguish from migrated Ia-positive cells
in interstitial areas where capillaries did not appear round-
shaped. Venous endothelium showed weaker staining than that
of glomerular or interstitial capillaries. Among constitutive cells
of normal renal cortex and medulla, no other cell than endothe-
ha! cells stained with anti-Ia antibody.
Using an indirect immunoperoxidase technique and electron
microscopy, homogeneous staining was present on the plasma
membrane of endothelial cells and circulating monocytes and
lymphocytes (Figs. 2 and 3). The plasma membrane of podo-
cytes, the glomerular basement membrane, and the mesangial
matrix were not stained with anti-Ia antibody. Staining was not
seen on careful examination of 200 mesangial cells in isolated
glomeruli from two normal kidneys.
Diseased kidneys. Staining with anti-Ia monoclonal antibody
of biopsy specimens from patients with a variety of renal
diseases also showed Ia antigen to be exclusively present on
endothehial and mononuclear cells. The pattern of staining of
the glomerular endothelium with anti-Ia antibody was similar
to that of normal kidney in minimal change disease, MGN,
MSGN, diffuse diabetic glomerulosclerosis, and SLE nephritis
types 2 and 5 according to the World Health Organization
classification [191. In AGN and MPGN glomerular endothelial
cells also stained for Ia antigen although capillary lumens
circled by positive cells were more distant from each other
because of widened mesangial regions (Fig. 4). No endothelial
staining with anti-Ia monoclonal antibody was seen in sclerotic
and necrotic lesions where no endothelial cells could be identi-
fied by light microscopy: obsolescent glomeruli, segmental
lesions of focal hyalinosis (Fig. 5), areas of glomerular necrosis
in biopsy specimens from patients with TM (Fig. 6), with severe
Fig. 10. Clustered peritubular infiltrating cells. Adjacent sections
stained with anti-Ia monoclonal antibody (A) and Giemsa's reagent (B)
demonstrate that all infiltrating cells express Ia antigen and are mono-
nucleated cells. (x 1940)
forms of MSGN and SLE nephritis, with Wegener's granuloma-
tosis, and with acute transplant rejection. Areas of amyloid
deposits did not stain for Ia antigen. In severe proliferative
nephritis of SLE (type 4) no staining or considerably decreased
staining of endothelium in the glomerular tuft was found al-
though endothelial cells were seen with light microscopic
examination in glomeruhi from the same biopsy specimen show-
ing similar lesions (Figs. 7A and B) and stained with anti-blood
group substance H antibody. Similar findings were occasionally
found in acute transplant rejection.
No Ia antigen was expressed in areas of active extracapillary
proliferation in idiopathic RPGN without anti-GBM antibodies
(Figs. 8A and C), in Wegener's disease and in crescentic areas
in biopsy specimens from patients with other types of glomeru-
lonephritis (Fig. 9). Negative areas of extracapillary proliferat-
ing cells were in strong contrast with the bright fluorescence of
periglomerular infiltrating cells. In the few glomerular sections
where occasional Ia-positive cells were seen within the area of
extracapillary proliferation, staining of adjacent sections with
anti-blood group substance H antibody demonstrated that Ia-
positive cells also expressed H antigen and thus were endotheli-
a! cells surrounded by proliferating extracapillary cells. In areas
of extracapillary proliferation in anti-GBM crescentic glomeru-
lonephritis, occasional cells expressed Ia antigen but not blood
group substance H antigen.
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Fig. 12. Thrombotic microangiopathy: a section stained with anti-Ia
monoclonal antibody, Positive cells infiltrate the necrotic wall of an
artery and the intraluminal thrombus. Remnants of the elastica lamina
are designated by an arrow. (x339)
Fig. 11. Acute transplant rejection. A A section stained with anti-Ia
monoclonal antibody. Positive cells are seen infiltrating the wall of a
small artery. (x582) BA section from the same biopsy specimen stained
with Masson's trichrome demonstrates the presence of mononuclear
cells within the vascular wall and around the artery. (x800)
Examination of interstitial infiltrates demonstrated diffuse
plasma membrane staining with anti-Ia monoclonal antibody of
all clustered infiltrating cells; the cells were mononucleated as
seen on serial sections stained with Giemsa's reagent (Figs. l0A
and B) and on section stained both with anti-Ia antibody and
with PPD. The areolar pattern of stained clusters of infiltrating
cells was similar in all biopsy specimens with interstitial infiltra-
tion regardless of the type of nephritis. Cells which stained with
anti-Ia antibody were also seen infiltrating the vascular wall in
acute transplant rejection (Figs. 1IA and B) and intraluminal
thrombi in TM (Fig. 12).
In some biopsy specimens from patients with severe nephri-
tis, occasional areas of sclerosis were seen in the interstitium
where no cell stained for Ia antigen.
Discussion
Monoclonal antibodies which recognize nonpolymorphic de-
terminants of HLA-DR molecules on human peripheral blood B
lymphocytes and monocytes and on activated T cells, bound
exclusively to endothelial cells and mononuclear cells in normal
and pathological human kidneys. In normal kidneys, Ia antigen
was localized to the plasma membrane of endothelial cells of
glomerular and peritubular capillaries, venous vessels, and vasa
recta (Figs. 1—3). These data agree with the immunohis-
tochemical findings of Natali et al [3J. Contrasting other reports
[6, 20, 21], no other cell that is constitutive of normal renal
parenchyma was found to express Ia antigen. Only immunoen-
zymatic ultrastructural examination detected labeled plasma
membranes of intraluminal passenger monocytes and lympho-
cytes in sections of isolated glomeruli from normal kidney (Fig.
3). No Ia-positive cell was found in the mesangial area on
careful examination by immunofluorescence and immunoelec-
tron microscopy of normal human kidney. Both the species
examined and the immunohistochemical methods used differ in
this study from those of Schreiner and Cotran [10] in which Ia-
bearing resident glomerular cells were identified within the
mesangium of normal rats. These investigators found no stain-
ing for Ia antigen in the mesangial region of human kidney [22].
This capillary endothelial marker was not found in sclerotic
and necrotic glomerular and interstitial lesions where endotheli-
al cells could not be identified (Figs. 5 and 6). Decreased or
absent endothelial staining with anti-Ia antibody was also
observed in biopsy specimens from patients with severe prolif-
erative nephritis of SLE and with acute transplant rejection
although endothelial cells could be identified by light micro-
scopic examination of the same biopsy specimens (Figs. 7A and
B). Loss of detectable Ia antigen contrasts with the increased
expression of Ia-like antigen on immunologically stimulated
endothelial cells in vitro [23]; it could reflect impaired biosyn-
thesis of the antigen by an altered endothelial cell; alternatively,
it could reflect impaired access of the antigen on the endothelial
cell because of the presence of anti-Ia antibodies found in the
serum of SLE patients [24] or because of antibodies against
other antigenic determinants of endothelial cells which occur in
allograft rejection [25].
Cells within areas of mesangial proliferation in AGN, MSGN,
and MPGN did not stain with anti-Ia antibody (Fig. 4). This
absence of staining suggests that no Ia-positive cell is present
within mesangial areas of proliferation in human glomerulone-
phritis or that Ia-positive infiltrates of mesangial areas are too
minimal to be detected by indirect immunofluorescence. Mono-
cytic cells detected by histochemical techniques in AGN were
only found in capillary luminae [26]. Extracapillary prolifera-
tion unassociated with anti-GBM disease whether segmental or
diffuse did not stain for Ia antigen whereas periglomerular
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infiltrating mononuclear cells strongly stained with anti-Ia
monoclonal antibody in the same sections (Fig. 8). These
results suggest that proliferating cells in mesangial areas and
extracapillary proliferating cells which do not express Ia anti-
gen and C3b receptor antigen [161 are not monocytes, B
lymphocytes, or activated T lymphocytes; they may however
represent altered mononuclear cells which do not express an
amount of this surface marker that would allow detection by
standard immunohistochemical techniques. Thus, our results
using immunofluorescence staining with anti-Ia antibody con-
trast with the finding by Atkins et al [271 of macrophages in
human crescentic glomerulonephritis, postinfectious glomeru-
lonephritis, and proliferative glomerulonephritis due to
cryoglobulinemia or SLE using histochemical or glomerular
culture techniques. RPGN with anti-GBM disease was the only
circumstance where occasional Ia-positive cells were seen in
the area of extracapillary proliferation in this study and where
monocytes have been shown to participate in a significant way
in crescents formation in humans [261, Most, if not all, clustered
mononuclear cells infiltrating the interstitium in biopsy speci-
mens from patients with interstitial nephritis, transplant rejec-
tion, and with any nephritis exhibiting some degree of tubuloin-
terstitial damage, stained for Ia antigen (Figs. 10, 11, and 12). B
cells, monocytes, and T cells belonging to the T4 and T8 subsets
have been shown to participate in the infiltrates in interstitial
nephritis [28] and transplant rejection [29]. The presence of Ia
antigen on all infiltrating cells, demonstrated by sections
stained with anti-Ia antibody and with PPD, implies that T cells
present in the infiltrates are activated. The phenotyping of
resident, proliferating, and infiltrating cells in the kidney con-
tributes to the identification of the cell populations and the
understanding of the pathogenic mechanisms involved in hu-
man nephritis.
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